Recognizing others' emotional expressions is vital for socioemotional development; impairments in this ability occur in several psychiatric disorders. Further study is needed to map the development of this ability and to evaluate its components as potential transdiagnostic endophenotypes. Before doing so, however, research is required to substantiate the test-retest reliability of scores of the face emotion identification tasks linked to developmental psychopathology. The current study estimated test-retest reliability of scores of one such task, the facial expression labeling task (FELT) among a sample of twin children (N ϭ 157; ages 9 -14). Participants completed the FELT at two visits two to five weeks apart. Participants discerned the emotion presented of faces depicting six emotions (i.e., happiness, anger, sadness, fear, surprise, and disgust) morphed with a neutral face to provide 10 levels of increasing emotional expressivity. The present study found strong test-retest reliability (Pearson r) of the FELT scores across all emotions. Results suggested that data from this task may be effectively analyzed using a latent growth curve model to estimate overall ability (i.e., intercept; r's ϭ 0.76 -0.85) and improvement as emotions become clearer (i.e., linear slope; r's ϭ 0.69 -0.83). Evidence of high test-retest reliability of this task's scores informs future developmental research and the potential identification of transdiagnostic endophenotypes for child psychopathology.
identification may be transdiagnostic endophenotypes of psychiatric illnesses.
Research regarding face emotion identification deficits in internalizing disorders has resulted in mixed findings (e.g., Easter et al., 2005 , but see Guyer et al., 2007) . This may be because different paradigms are used to assess face emotion identification ability, which hinders the ability to reconcile discordant findings in this field (Bourke et al., 2010) . Some of the various face emotion identification tasks include the Child and Adult Facial Expressions subtests of the Diagnostic Analysis of Nonverbal Accuracy (Nowicki & Duke, 1994) , the Penn emotion recognition test (Kohler et al., 2003) , and the Bell Lysaker emotion recognition task (Pinkham, Penn, Green, & Harvey, 2016) . Other studies use variations of the facial expression labeling task (FELT), such as the dynamic emotion identification task (Kirsh & Mounts, 2007) and the emotional expression multimorph task (Blair et al., 2001) .
Because task heterogeneity creates a methodological confound in aggregating results to draw reliable conclusions about face emotion identification ability, the current study sought to evaluate a promising version of the task by determining the test-retest reliability of FELT scores; this task has been used in several previous studies in varying forms (e.g., Averbeck, Bobin, Evans, & Shergill, 2012; Kirkpatrick, Lee, Wardle, Jacob, & de Wit, 2014; Marsh, Yu, Pine, & Blair, 2010) . The present study's version of the FELT may be a more sensitive and preferred measure of face emotion identification ability than prior variations for several reasons.
First, this version uses all six of Ekman's exemplar emotions, which is particularly important because prior research suggests that certain psychiatric disorders (e.g., major depressive disorder) may be associated with difficulty or a predilection to identifying particular emotions (e.g., sadness; Bourke et al., 2010) . Including fewer emotions (e.g., Nowicki & Duke, 1994 ) may preclude establishing emotion-specific deficits. Second, this task presents each emotion at 10% to 100% emotional expressivity in 10% increments (Harmer, Rogers, Tunbridge, Cowen, & Goodwin, 2003; Marsh et al., 2010) ; this may provide a more realistic, nuanced display of facial expressions than other tasks (e.g., Nowicki & Duke, 1994) . Third, in the present task, participants select a response choice after seeing each of the 360 static pictures of faces; this is preferred to previous tasks wherein only one data point is collected when participants press a key to identify an emotion in a continuously morphing image (e.g., Kirsh & Mounts, 2007) . The current paradigm provides information on face emotion identification ability at each level of emotional expressivity. Finally, in the present task, trials are presented in random order. When trials are presented in sequential order (e.g., Blair et al., 2001) , responses at various levels of expressivity become nonindependent, such that a participant's response at one level may inform their response at the next.
Moreover, the analytic strategy used to assess accuracy often varies over studies of face emotion identification. One approach is to compute an individual's raw accuracy, which conflates an individual's ability to correctly identify an emotion with his or her tendency to endorse the emotion. The current study utilized the "unbiased hit rate." This approach adjusts an individual's raw accuracy (i.e., proportion of trials correctly identified) for an individual's differential accuracy (i.e., proportion of correct uses of an emotion). The resulting score was adjusted for guessing and non-normality (Marsh et al., 2010; Wagner, 1993) . Additionally, in all variations of face emotion identification tasks, levels of emotional expressivity are nested within individual and present a gradient over which one can estimate an intercept and rate of change as the expressed emotion becomes clearer (i.e., linear slope). At a minimum, the analysis of data from this and related tasks should account for the nonindependence of trials within person. However, existing research has not examined the testretest reliability of face emotion identification tasks' scores through analytic approaches that account for the structure of this data (e.g., multilevel/hierarchical modeling or latent growth curve modeling).
The present study provides the first examination of test-retest reliability of change in scores over increasing expressivity of emotional expression in preadolescent children. Prior research has reported adequate test-retest reliability of FELT scores among an adult community sample (Adams et al., 2016) . Because the testretest reliability of scores of any face emotion identification task using a child sample has not yet been established, the current study's approach is novel in that it assesses test-retest reliability of FELT scores in a genetic epidemiological sample of preadolescent children. It is important to study face emotion identification ability in this demographic, as preadolescent children are learning, developing, and solidifying various psychological characteristics that will affect their developmental trajectories into adolescence and adulthood (Steinberg & Morris, 2001) . Given that deficits in face emotion identification ability are correlated with a variety of psychopathology, intervening at this early stage in development is critical. Similar to previous research (Adams et al., 2016) , the present study hypothesized that test-retest reliability would be high. Because findings from research using adult participants (i.e., Adams et al., 2016 ) cannot be assumed to apply to children, demonstrating high test-retest reliability in the current study is necessary to inform future developmental research on face emotion identification. In particular, high test-retest reliability of scores on a face emotion identification task is essential for future research to examine face emotion identification deficits in childhood as a marker for abnormal development and psychopathology. Additionally, this study used an analytic approach that is more consistent with the nature of the task (i.e., a latent growth curve model), in which performance can be examined as a function of decreasing task difficulty. This analytic approach permitted examining reliability of level, which is similar to research described by Adams et al. (2016) , and change as difficulty decreases. In this manner, the present study sought to extend research by Adams et al. (2016) to demonstrate test-retest reliability in a child sample and sought to examine the test-retest reliability of change during the task.
Method

Participants and Procedure
Participants (N ϭ 796 individuals; 52.4% female) were recruited as twin pairs from the Mid-Atlantic Twin Registry (Lilley & Silberg, 2013) to participate in a study on juvenile anxiety risk. This genetic epidemiological sample was comprised of Caucasian twin children (aged 9 to 14, M ϭ 10.78 years) who lived in the mid-Atlantic region. This study's protocol was approved by VirThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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ginia Commonwealth University's institutional review board. Consent was obtained from participants' legal guardian and assent was obtained from participants. Participants attended two laboratory-based sessions that were two to five weeks apart. At visit 1 (V1), 393 twin pairs (786 individuals) completed the study's full protocol. Of those who participated in visit 2 (V2), 157 individuals were assigned to a randomization order that included the FELT (i.e., a planned missingness design). The study's full protocol is detailed elsewhere (Carney et al., 2016) .
Measures
To measure zygosity, a parent or legal guardian of participants completed questionnaires about twins that included questions regarding physical similarities between them; these items have previously been used to determine the zygosity of twin participants, and the interpretations of the questionnaire's results have shown good validity compared to blood testing (Kasriel & Eaves, 1976) and DNA evaluation of zygosity (Jackson, Snieder, Davis, & Treiber, 2001) .
The task used herein is most similar to that described by Marsh et al. (2010) . Participants sat with an experimenter in front of a computer and were given these instructions: "In this task, you will be shown pictures of people with various emotional expressions. After viewing the faces, please choose the correct emotion from the choices provided on the next screen." Participants then completed one practice trial during which they were shown a picture of a man making a happy face and asked to identify the emotion from the list of Ekman's six emotions.
Pictures were created by morphing a static photo of a person expressing the target emotion with a photo of the same person making a neutral expression. The lowest level of emotional expressivity was 10%, and the highest level was 100%; each emotion had 10 levels of emotional expressivity. Emotions reflected Ekman's six basic emotions (i.e., happiness, sadness, disgust, fear, anger and surprise; Ekman & Friesen, 1976) . All faces were Caucasian adults (50% female). Participants were presented with six trials of each emotion at each expressivity level for a total of 360 trials (six trials by six emotions by 10 expressivity levels). Trials were presented in random order and consisted of a fixation cross for 250 ms, then the target face for 500 ms. Following each trial, participants were asked to choose (at their own pace) the emotion displayed from a list of the six possible emotions.
Data Analysis
Raw data were collected using E-Prime 2.0 software, scored in E-Merge software (Schneider, Eschman, & Zuccolotto, 2002) and exported to R for analysis. An unbiased hit rate was computed at each expressivity level for each emotion as the product of raw accuracy (i.e., number of trials correct/number of trials of an emotion) and differential accuracy (i.e., number of trials correct/ number of times an emotion was endorsed; Marsh et al., 2010; Wagner, 1993) . To account for accuracy attributable to guessing, the result was adjusted by subtracting 1/6 and then transformed using an arcsin transformation to improve normality over participants. Experimenters noted that 33 participants from V1 and 17 participants from V2 stopped engaging with the task (e.g., rapidly and repeatedly pressed the same number) before its completion.
Data from these cases were removed due to concerns about data quality.
Test-retest reliability of FELT scores (i.e., unbiased hit rates) was assessed in two approaches. First, test-retest reliability was assessed as the correlation between unbiased hit rates at V1 and V2, calculated for each emotion at each expressivity level. Nonindependence of twins due to familial aggregation was accounted for by estimating correlations within the biometrical model; a multivariate biometrical model was fit using structural equation modeling for V1 and V2 nested within person, nested within family. The correlation between V1 and V2 was taken from the resulting estimated variance-covariance matrix. This model provided an appropriate adjustment for nonindependence due to nesting twins within families and an adjustment for greater nonindependence among monozygotic twins.
Clinical and neurological correlates of the FELT may be clarified by analyzing data using a latent growth curve model or similar multilevel modeling to estimate the rate of change in accuracy as emotional expression becomes clearer and to account for the nesting of levels of emotional expressivity within person. Therefore, test-retest reliability of FELT scores (i.e., unbiased hit rates) was also assessed using a latent growth curve model to estimate the intercept, linear slope, and quadratic slope over difficulty, which describes a participant's improvement in detecting an emotion with increasing emotional expressivity. Test-retest reliability of FELT scores was computed using structural equation modeling to fit a latent growth curve to the 10 expressivity levels for each person at each visit. Six separate structural equation models were fit to estimate the test-retest reliability of participants' accuracy at detecting each of the six emotions. Similar to estimating the correlation between V1 and V2 for each emotion at each expressivity level, test-retest reliability for intercept, linear slope, and quadratic slope over difficulty were estimated within a biometrical model to account for nonindependence due to nesting of twins within family and greater nonindependence among monozygotic twins. A latent growth curve was estimated for each visit such that four latent growth curves were fit for each model (two per twin by two twins). Because the factor loadings in a latent growth curve model can influence the correlations between the latent parameters, orthogonal loadings were used to minimize the impact of nonessential multicollinearity on the reliability estimates (Cohen, Cohen, West, & Aiken, 2003) . Orthogonal loadings were centered so that the intercept for each model was centered at 55%. The correlation between V1 and V2 for intercept, linear slope, and quadratic slope were extracted from the resulting estimated variance-covariance matrix.
Results and Discussion
Results revealed strong test-retest reliability of FELT scores as a measure of face emotion identification ability among juveniles. Reliability was higher for emotion presentations at higher levels of expressivity (see Table 1 ). At 100% expressivity of emotion, V1 and V2 unbiased hit rate scores were correlated for each emotion: anger (r ϭ .409), fear (r ϭ .432), happiness (r ϭ .542), sadness (r ϭ .467), disgust (r ϭ .462), and surprise (r ϭ .390). Reliability of task performance scores (i.e., unbiased hit rates) improved as emotions became easier to recognize and approached an asymptote at approximately 60% expressivity (see Figure 1) . That test-retest This document is copyrighted by the American Psychological Association or one of its allied publishers.
reliability approaches an asymptote is further supported by overlapping confidence intervals, which are consistent with no improvement in test-retest reliability of scores for each emotion from 60% to 100% expressivity (see Table 1 ). Reliability of scores is similar in the detection of all six emotions, with estimates of reliability for each falling within the confidence intervals for most scores at other emotions at 100% expressivity. Findings demonstrate high test-retest reliability for FELT scores when data are analyzed using latent growth curve modeling that aggregates over levels of expressivity to estimate performance as both an intercept and change within person. Intercept scores represent participant median performance for each emotion; the correlation between intercepts represents aggregated scores for performance on each emotion (as opposed to considering scores at each expressivity level independently). In contrast to a participant's mean performance, the linear slope indexes the extent to which a participant's performance improved as the presentation of emotion became clearer. The correlations between intercepts at V1 and V2 (anger: r ϭ .811, fear: r ϭ .796, happiness: r ϭ .831, sadness: r ϭ .763, disgust: r ϭ .847, surprise: r ϭ .789) as well as correlations between linear slopes at V1 and V2 (anger: r ϭ .759, fear: r ϭ .688, happiness: r ϭ .765, sadness: r ϭ .734, disgust: r ϭ .831, surprise: r ϭ .692) are high and similar for all emotions (see Table 2 ). Notably, estimated reliability is substantially higher for unbiased hits rates aggregated over expressivity levels, lending support for this analytic approach in future research. There were no consistent differences in reliability of scores based on gender (see supplemental Table 1 ) or age (see supplemental Table 2 ). The estimated growth parameters (i.e., intercept, linear slope, and quadratic slope) for V1 and V2 were examined to evaluate potential practice effects. There is evidence that performance on the task followed a nonlinear trajectory (see supplemental Table 3 ). There was little interindividual variance in the quadratic slope, which precludes estimating test-retest reliability. Although there is some improvement of performance at V2 (see supplemental Table 3) , consistent improvement in performance may reduce estimated correlations describing the test-retest reliability of performance on the FELT. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
While this study demonstrates high test-retest reliability of FELT scores, some limitations should be mentioned. First, the FELT requires participants to attend for the entire duration of task (ϳ 25 min), and lack of attention was evident for some participants in this study. It is unclear whether a shorter task with fewer trials would provide an acceptable level of signal-to-noise. Second, prior studies have found effects of IQ on participants' ability to identify emotional facial expressions (Lawrence et al., 2015) ; however, those effects were not considered in these reliability estimates. Finally, this sample is limited to Caucasian families because of its primary genetic aims, so these findings might not be generalizable to other races.
Despite these limitations, evidence of high test-retest reliability of FELT scores supports the use of this task in longitudinal research on children's socioemotional developmental trajectories; test-retest reliability of a task's scores is necessary to use that task to study change in a process over time (Khoo, West, Wu, & Kwok, 2006) . This task and the analytic methods of the current study may also be used in future research on the development and clinical correlates of face emotion identification in children. Test-retest reliability of performance on the FELT is needed to clarify the association of face emotion identification deficits with psychopathology. Reliability is important for generalizability and to determine that the variance in results is not attributable to noise, but to variance caused by psychopathology. This task may also be used in future research on emotion regulation. Since recruiting assistance from others in coping with distress and providing assistance to others in need are key components of interpersonal emotion regulation (Hofmann, 2014) , face emotion identification seems to play a crucial role in this process as well.
Moreover, because deficits in face emotion identification ability are associated with a variety of psychiatric disorders, deficits in the detection of some emotions may represent a transdiagnostic endophenotype (i.e., a broad, intermediate risk factor for psychiatric illness). This might be possible given that some emotions activate a common group of brain regions while others are region-specific (Fusar-Poli et al., 2009 ). Endophenotypes may be less genetically complex and thus provide a link between genetic code and symptoms indicative of psychiatric disorders (Cannon & Keller, 2006; Insel et al., 2010) . Because one of the criteria of an endophenotype is that it is heritable (Gottesman & Gould, 2003) , and test-retest reliability is needed to assess heritability based on genetic epidemiological research (Cannon & Keller, 2006) , this study's findings recommend this variation of the FELT for future research on the heritability of face emotion identification; this future work will utilize twin models. This research, using the FELT and corresponding analyses demonstrated in the current study, will be critical to evaluate whether components of face emotion identification are transdiagnostic endophenotypes.
The findings of the current study establish the reliability of the FELT to assess children's face emotion identification ability, which is necessary to support the use of this task in future studies of children's face emotion identification ability. Additionally, the analytic approach utilized in the current study (i.e., latent growth curve analysis using unbiased hit rates) is preferred to other methods (e.g., bivariate correlations using hit rates), as the analytic strategies of this study take into account change in accuracy as the emotion becomes clearer and adjust for accuracy attributable to guessing and non-normality when determining participants' overall ability to identify emotions. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
